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(54) Method for producing crystalline silicon 

(57) An object of the present invention is to provide 
a method for producing a crystal silicon which enables 
to produce at a low cost and easily a poiycrystalline sil- 
icon having a high quality with a low impurity content 
and a high crystallinity. 

The method comprises the steps of: crystallizing a 
molten silicon from the inner bottom of a mold upward 
while providing to the molten silicone in the mold a tem- 
perature having- a positive gradient from the inner bot- 
tom of the mold upward; and blowing, in the crystallizing 
step, an inert gas to the surface of the molten silicon 
from the upper position above the surface thereof to 
vibrate the surface of the molten silicon in such a man- 
ner that cavities are formed in the surface thereof. 
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D script! n 

BACKGROUND OF THE INVENTION 

^ 5 Field of the invention: 

[0001] The present invention relates to a method for producing a crystalline silicon which is obtained by gradual 
solidification in a unidirectional way with cooling a molten silicon. 

io Description of the Related Art: 

[0002] Polycrystalline silicon solar cells are solar cells which are nowadays produced in the largest quantity. 
[0003] The performance of a solar cell element of polycrystalline silicon solar cell greatly depends on the quality of 
a polycrystalline silicon. For this reason, various improvements have been made on producing the polycrystalline silicon 
15 and the most important subjects in the production thereof are to decrease impurities in crystal and to improve crystal- 
linity. 

[0004] The production process of polycrystalline silicon is roughly divided into two steps which comprise one proc- 
ess for producing a high-purity silicon from a metallic silicon and the other process for solidifying a molten silicon of th 
high-purity silicon by a unidirectional solidification method. Conventionally, in order to decrease impurity elements, in 
20 the former method, the metallic silicon is reacted with hydrochloric acid to obtain gasfied trichlorosilane, followed by rec- 
tifying the gasfied trichlorosilane and then precipitating a high-purity silicone from the gas while reacting the rectified 
gas with a hydrogen gas, thereby to produce the high-purity silicone. 

[0005] It is also effective that silicon is unidirectionally solidified while stirring the molten silicone such that impurity 
elements can be decreased. 

25 [0006] The following methods, for examples, are disclosed for stirring. JP-A 61-141612 discloses a method of turn- 
ing a mold, JP-A 5-254817 discloses a method of generating a stirring power in a molten silicon owing to a magnetic 
field action and JP-A 10-182135 discloses a method which comprises inserting a lance into a position above the solid- 
liquid phase boundary of a molten silicon and blowing an inert gas. 

[0007] However, the above-mentioned first method has problems in an equipment cost, a maintenance method and 
30 a high production cost. The second method also has a problem in a high equipment cost. The third method has a prob- 
lem in that the lance melts to become impurities in the molten silicon with the result of decreasing a purity of silicon. 
[0008] In case of having a high oxygen content, the cell properties of a solar cell lowers. As a quantity of oxygen 
dissolves and is contained in a lump remett which is a scrap of single crystal silicon used as a main raw material, it is 
necessary to decrease the oxygen in the process of melting and unidirectional solidification. Further, when the surface 
35 of molten silicon is not covered by an inert gas, a CO gas, SiO gas and the like enter into the molten silicon, thereby to 
increase the impurity content thereof and to lower the above-mentioned cell properties. 

SUMMARY OF THE INVENTION 

40 [0009] The present invention has been carried out, considering the above-mentioned situation. An object of the 
present invention is to provide a method for producing a crystalline silicon which enables to produce at a low cost and 
easily a polycrystalline silicon having a high quality with a low impurity content and a high crystallinity. 
[0010] The following constitutions have been adopted in the present invention so as to attain the above-mentioned 
object: 

45 

(1) The first aspect of the present invention comprises a process for producing a crystalline silicon which crystal- 
lizes the above-mentioned molten silicon from the inner bottom of a mold upward while providing to the mold sili- 
cone in the mold a temperature having a positive gradient from the inner bottom of the mold upward, wherein an 
inert gas is blown to the surface of the molten silicon from the upper position above the surface thereof to vibrate 

so the surface of the molten silicon in such a manner that cavities are formed in the surface thereof. 

In the above-mentioned method for producing a crystalline silicon, an inert gas such as Ar gas is blown to the 
surface of the molten silicon and the surface of the molten silicon is vibrated in such a degree that the cavities are 
formed in the surface thereof with the result that fresh surfaces are continuously formed in the surface, thereby to 
promote to discharge a SiO gas generating in the interior of the molten silicon to the surrounding atmosphere and 
55 to enable to effectively remove O which is an impurity in the molten silicon. 

In addition, as a gas-supplying lance is not put into the molten silicon, impurities can not enter into the molten 
silicon from the lance and contaminate the molten silicon. 

(2) The second aspect of the present invention comprises a process for producing a crystalline silicon as men- 
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tioned in said (1 ), wherein said surface of the molten silicon is covered with an inert gas. 

In the above-mentioned method for producing a crystalline silicon, as the surface of the molten silicon is cov- 
ered with the inert gas such as Ar gas, impurity gases such as CO gas and SiO gas in the surrounding atmosphere 
are prevented from entering into the molten silicon, 
-s (3) The third aspect of the present invention comprises a process for producing a crystalline silicon as mentioned 

in said any one of (1 ) and (2), wherein a susceptor is disposed above said surface of the molten silicon and the inert 
gas is introduced into a space between the susceptor and molten silicon through a part of the susceptor. 

In the above-mentioned method for producing a crystalline silicon, the inert gas existing near the surface of the 
molten silicon is restrained from diffusing in the surrounding by the susceptor and the inert gas can cover the sur- 
10 face of the molten silicon for a long time. Therefore, the CO gas and SiO gas in the surrounding atmosphere are 
effectively prevented from entering into the molten silicon by a small flow rate of an inert gas. 

(4) The fourth aspect of the. present invention comprises a process for producing a crystalline silicon as mentioned 
in said any one of (1 ) to (3), wherein a flow rate of the blown inert gas is degreased according to moving of the solid- 
liquid phase boundary of silicon in the mold upward. 

75 In the above-mentioned method for producing a crystalline silicon, the solid -liquid phase boundary is 

restrained from being disturbed by the blown inert gas. 

(5) The fifth aspect of the present invention comprises a process for producing a crystalline silicon as mentioned in 
said any one of (1) to (4), wherein a flow rate of the blown gas, an inside radius of the gas-supplying lance which 
introduces the inert gas into the surface of the molten silicon and a distance from a port of the lance to the surface 

20 of the molten silicon satisfy the following formula; 

3 s f/(rH) s 60 

where 

25 

f [ l/min] is a flow rate of blow inert gas; 
r [cm] is an inside radius of lance; and 

H [cm] is a distance from a port of lance to the surface of molten silicon 

30 

In the above-mentioned method for producing a crystalline silicon, the surface of the molten silicon is vibrated 
under conditions selected such that a flow rate of the blown gas, an inside radius of the gas-supplying lance and a 
distance from a port of the lance to the surface of the molten silicon are effective and proper for promoting to dis- 
charge to the surrounding atmosphere a SiO gas which generates in the interior of the molten silicon. Therefor, O 
35 can be decreased which is an impurity in the molten silicon. 

(6) The sixth aspect of the present invention comprises a process for producing a crystalline silicon as mentioned 
in said any one of (1) to (5), wherein the number of lance nozzles is single or plural according to the surface area 
of the molten silicon. 

In the above-mentioned method for producing a crystalline silicon, the surface of the molten silicon is vibrated 
40 by the selected number of lance(s) according to the surface area of the molten silicon so as to be effective and 
proper for promoting to discharge to the surrounding atmosphere a SiO gas which generates in the interior of the 
molten silicon. Therefore, O can be decreased which is an impurity in the molten silicon. 

BRIEF DESCRIPTION OF THE DRAWING 

45 

[0011 J 

Fig. 1 is a schematic sectional view showing the front of the mold periphery of an equipment for producing a crys- 
talline silicone which is used in an embodiment of a method for producing a crystal silicon according to the present 
so invention. 

Fig. 2 is a plan of Fig.1 viewed from a gas-supplying lance for illustrating a gas flow. 
Fig. 3 is a view showing a positional relation between a gas flow rate and a solid-liquid phase boundary. 
Fig. 4 (a) is a schematic sectional view of the front of another example of a susceptor which is provided to an equip- 
ment for producing a crystalline silicone used in the embodiment of a method for producing a crystalline silicon 
55 according to the present invention. 

Fig. 4 (b) is a plan of Fig.4 (a) for illustrating a gas flow. 
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Explanation of symbols: 

[0012] 

-5 1 : mold 

2a: upper heater 

2b: lower heater 

3: chill plate 

4: thermal insulator 
10 5: gas-supplying lance 

6: susceptor 

10: molten silicon 

1 0a: solid phase 

10b: liquid phase 
is 11: solid-liquid phase boundary 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0013] Preferable embodiments of a method for producing a crystalline silicon in the present invention are 
20 described hereinafter with reference to drawings. 

[0014] Fig.1 is a schematic sectional view showing the front of the mold periphery of an equipment for producing a 
crystalline silicone which is used in a method for producing a crystalline silicon according to the present invention. 
[0015] In the drawing, symbols show the following: 

25 Symbol 1 is a mold set up in a chamber which is not shown in the drawings; 
Symbol 2a is an upper heater arranged above the mold; 
Symbol 2b is a low heater arranged under a chill plate; 
Symbol 3 is a chill plate arranged beneath the mold; 

Symbol 4 is a thermal insulator surrounding the mold 1 , upper heater 2a, lower heater 2b and chill plate 3; 
30 Symbol 5 is a gas-supplying lance arranged in the upper part of the mold 1, which is inserted from the outside of 
the thermal Insulator 4; and 

Symbol 6 is a susceptor which fit the gas-supplying lance 5 in the center thereof and is arranged near an opened 
part 1a of the mold 1 such that the opened part 1a of the mold 1 is almost shut up. 

35 [0016] First, solid silicon as a raw material is charged in the mold 1 when a crystalline silicone is produced using 
the above-mentioned equipment. Then, an inert gas as an atmosphere gas is introduced into the chamber from the 
upper part of the chamber which is not shown in the drawings and then the solid silicon in the mold is heated and melted 
by the upper heater 2a and lower heater 2b to make the solid silicon be a molten silicon 1 0. Next, an inert gas, for exam- 
pi , Ar gas, is supplied from the gas-supplying lance 5, to cover the surface of the molten silicon, to make such a gas 

40 flow as shown by arrow symbols in Fig.2 and to blow the gas, thereby to vibrate the surface of the molten silicon by the 
blown gas such that cavities are formed in the surface thereof. After that, Heating by the lower heater 2b is stopped and 
cooling the molten silicon in the mold by the chill plate 3 is started . In this step, the molten silicon is cooled by the chill 
plat starting from the bottom part 1 b of the mold. The molten silicon is unidirectionally crystallized along a positive tem- 
perature gradient formed from the bottom part 1b upward. 

45 [0017] As mentioned above, as the Ar gas is blown to the surface of the molten silicon from the upper position by 
the gas-supplying lance, vibration occurs in the surface and fresh faces are always formed in the surface of the molten 
surface. Therefore, the exhaustion of a SiO gas to the surrounding atmosphere is promoted which generates in the inte- 
rior of the molten silicon with the result that O can be effectively removed which is an impurity in the molten silicon. In 
addition, the contamination with a CO gas from the surrounding atmosphere is prevented by this gas flow. As the solid- 

so ification is continued in the above-mentioned state, the ingot of a crystalline silicon having a low content of impurities 
such as C and O is obtained after the solidification has finished. Further, a high quality of crystalline silicone having an 
excellent crystallinity is obtained because of having a low content of impurities according to the above-mentioned 
method. 

[0018] Furthermore, as the opened part 1 a of the mold is almost shut up by the susceptor 6 and the inert gas sup- 
55 plied from the gas-supplying lance covers the surface of the molten silicon, the CO gas, SiO gas and the like are pre- 
vented from entering into the molten silicon from the surface thereof. 

[0019] Still furthermore, the crystalline silicon is obtained at a low cost, as it is enough if only the lance is arranged 
in the upper position of the mold so as to blow the inert gas to the surface of the molten silicon. 



4 



SOOCID: <EP 1048758A1 J_> 



1 



EP 1 048 758 A1 

[0020] For the sake of deoxidization, it is necessary to provide a gas flow such as shown in Fig. 2 without com- 
pletely closing the opened part 1a of the mold. 

EXAMPLES 

[0021] Ingots of crystalline silicon were produced using the above-mentioned equipment for producing a crystalline 
f silicon according to the present invention. A mold was used which was made of quartz and had a dimension of about 
17x17x11 [cm] . A 3 kg of end material which was made of a single crystal silicon for semiconductor was used as a 
raw material of solid silicon. Heating was carried out up to 1500°C in one hour by heaters and the melting of the raw 
10 material was finished in 1 .5 hours after the heating up. The prescribed gas flow rate was set up after the melting had 
finished. A Ar gas was used for an atmosphere gas in the chamber 

[0022] .... The gas-supplyjng lance was arranged at aJocation of H = J.0, 5.0, 12.0 and 20 [cm], which. showed.a height 
of head of the lance measured upward from the surface of the molten metal. The Ar gas was blown to the surface of the 
molten silicon at a flow rate of 2, 10, 40 and 60 [l/min] . The gas-supplying lances were used which had the following 
is inside radius (r): r = 0.25, 0.5 [cm] . 

[0023] With regard to a gas flow rate, the rate was successively decreased according to the upward movement of 
the solid-liquid phase boundary. Thereby, the solid-liquid phase boundary was prevented from being disturbed with the 
result that a crystalline silicon having an excellent crystallinity can be produced. 
[0024] As a comparative example, the following case was carried out. 

20 



Inside radius of gas-supplying lance: 


r = 0.25 [cm] 


Position of lance: 


at 300mm obliquely upward from the surface of molten silicon 


Gas flow rate: 


10 [l/min] 



[0025] The results of the impurities of thus-obtained ingots are shown in Table 1 . 
30 [0026] The height of the obtained ingots were about 5cm. With regard to both the examples of the present invention 
and the comparative example, C and O contents were measured in the center of the face of a wafer obtained at a height 
of 2.0 [cm] from the bottom of each ingot. 
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[0027] In the Table 1, © are conditions satisfying 5.0 s f/(rH) s 25 and O are conditions satisfying 
3.0 s f/(rH) £ 60 . Symbols * are conditions wherein a molten silicon splashed and sputtered to the upper heater. The 
upper half of the Table shows C contents and the lower half shows O contents. The numeral which is showed in the 
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fight-under of each content shows a value of f /(rH). 

[0028] In cases of satisfying the conditions of 3 >f/(rH) , both the C and O contens are high. In contrast, in cases 
of satisfying the conditions of 3 £ f/(rH) < 5 , the C and O contents relatively decrease. In cases of satisfying the con- 
ditions of 5.0 s f/(rH) s 25 , the C and O contents decrease approximately to a half as compared with the cases of 
-5 3 >f/(rH) . In cases of satisfying the conditions of f/(rH)> 25 , though the C and O contents further decrease, the crys- 
tallinity in the cell was disturbed and the cell properties lowered as it was difficult to control in such a manner that the 
* solid-liquid phase boundary was not disturbed. 

[0029] From the examples of the present invention, it is found that the C and O contents of the crystalline silicon are 
lower than those of the conventional example if the condition of 3.0 s f/(rH) s 60 is satisfied. Especially, in case of 
10 5.0 £ f/(rH) £ 25 being satisfied, the C and O contents are greatly decreased. 

[0030] In cases having a larger r, the impurity contents increase and in cases having r larger than 3 [cm] , any effect 
is not found in decreasing the impurity contents as compared with the conventional example. 

[0031] With regard to the susceptor, as shown in Fig.4, a susceptor can be used which has a larger size in a part 
of the diameter than the opened part of the mold and can be loaded on the opened part of the mold. 
15 [0032] With regard to the gas-supplying lance, a plurality of lances can be used in case of a molten silicon having 
a large surface area. 

[0033] As mentioned above in detail, the following effects are obtained according to the method for producing a 
crystalline silicon of the preset invention: 

20 (1) According to the first aspect of the present invention relating to a process for producing a crystalline silicon, a 

crystalline silicon can be produced which has a low impurity content and an excellent crystallinity since the solidifi- 
cation and crystallization are carried out while removing effectively O which is an impurity of the molten silicon by 
promoting to discharge a SiO gas generating in the interior of the molten silicon to the surrounding atmosphere dur- 
ing the crystallization. 

25 (2) According to the second aspect of the present invention relating to a process for producing a crystalline silicon, 
impurity gases such as CO gas and SiO gas in the surrounding atmosphere are prevented from entering into the 
molten silicon. 

(3) According to the third aspect of the present invention relating to a process for producing a crystalline silicon, a 
CO gas and SiO gas in the surrounding atmosphere is effectively prevented from entering into the molten silicon 

30 by a small flow rate of an inert gas. 

(4) According to the fourth aspect of the present invention relating to a process for producing a crystalline silicon, 
a solid-liquid phase boundary is restrained from being disturbed by a blown inert gas with the result that a crystal- 
line silicon having an excellent crystallinty is obtained. 

(5) According to the fifth aspect of the present invention relating to a process for producing a crystalline silicon, a 
35 crystalline silicon having a greatly decreased O content can be produced since the surface of the molten silicon is 

effectively and properly vibrated by selecting a flow rate of the blown inert gas, an inside radius of the gas-supplying 
lance and a distance from a port of the lance to the surface of the molten silicon so as to promote to discharge to 
the surrounding atmosphere a SiO gas which generates in the interior of the molten silicon, thereby to remove O 
which is an impurity in the molten metal. 
40 (6) According to the sixth aspect of the present invention relating to a process for producing a crystalline silicon, O 
can be decreased which is an impurity in the molten silicon since the surface of the molten silicon is vibrated by 
selected number of lance(s) according to the surface area of the molten silicon so as to be effective and proper for 
promoting tcr discharge td the surroundirigf atmosphere a* Sitf gas which 'gene rates in trie interior of 'trie molten sil- 
icon. 
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Claims 
1. A 



method for producing a crystalline silicon comprising the steps of: 



so crystallizing a molten silicon from the inner bottom of a mold upward while providing to the molten silicone in 

the mold a temperature having a positive gradient from the inner bottom of the mold upward; and 
blowing, in the crystallizing step, an inert gas to the surface of the molten silicon from the upper position above 
the surface thereof to vibrate the surface of the molten silicon in such a manner that cavities are formed in the 
surface thereof. 



2. The method for producing a crystalline silicon as claimed in claim 1 , wherein said surface of the molten silicon is 
covered with an inert gas. 
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3. The method for producing a crystalline silicon as claimed in any one of claims 1 and 2, wherein a susceptor is dis- 
posed above said surfac of the molten silicon and the inert gas is introduced into a space between the susceptor 
and the molten silicon through a part of the susceptor. 

5 4. The method for producing a crystalline silicon as claimed in any one of claims 1 to 3, wherein a flow rate of the 
blown inert gas is decreased according to moving of the solid-liquid phase boundary of the silicon in the mold 
* upward. 

5. The method for producing a crystalline silicon as claimed in any one of claims 1 to 4, wherein a flow rate of the 
w blown inert gas, an inside radius of a gas-supplying lance which introduces the inert gas into the surface of the mol- 
ten silicon and a distance from a port of the lance to the surface of the molten silicon satisfy the following formula; 

3 s f/(rH) £ 60 

15 where 

f [ l/min] is a flow rate of blown inert gas; 
r [ cm ] is an inside radius of lance; and 

H [ cm ] is a distance from a port of lance to the surface of molten silicon 



20 



6. The method for producing a crystalline silicon as claimed in any one of claims 1 to 5, wherein the number of lance 
nozzles is single or plural according to the surface area of the molten silicon. 
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